Introduction
============

Colorectal cancer (CRC) is the most common gastrointestinal tumor malignancy ([@b1-or-40-01-0283]). With the rapid speed of our country\'s aging process, the incidence rate of CRC shows an upward trend ([@b2-or-40-01-0283]). At present, the causes of CRC are considered the result of external environmental factors combined with internal organism factors. Unhealthy lifestyle, anti-oncogene inactivation and oncogene mutations can cause cells to grow uncontrollably, and further lead preexisting diseases such as ulcerative colitis and colonic adenoma to develop into malignant tumor ([@b3-or-40-01-0283]--[@b6-or-40-01-0283]). Research has demonstrated that most patients die from tumor metastasis and recurrence ([@b7-or-40-01-0283]). The essential characteristics of malignant tumors are excessive proliferation, differentiation failure and apoptosis disorder ([@b8-or-40-01-0283]). Therefore, it is important to explore the mechanisms of tumor growth, metastasis and recurrence in CRC. Ribophorin II (RPN2) is a membrane glycoprotein which is found in rough endoplasmic reticulum, located at chromosome 20q12-13.1 and has glycosylation function affecting protein stability and secretion and play a key role in cell function and signal transduction ([@b9-or-40-01-0283],[@b10-or-40-01-0283]). Research has indicated that RPN2 was highly expressed in tumor stem cells ([@b11-or-40-01-0283]). RPN2 promoted cellular malignant proliferation in breast cancer by regulating N-glycosylation of CD36 ([@b12-or-40-01-0283]). In addition, RPN2 interference reduced the glycosylation of P-glycoprotein to promote docetaxel-dependent apoptosis in esophageal squamous cell carcinoma (ESCC) ([@b13-or-40-01-0283]). In osteosarcoma and gastric carcinoma, studies have revealed that the expression of RPN2 was closely associated with patient survival time and tumor stage ([@b14-or-40-01-0283],[@b15-or-40-01-0283]). It was also reported that RPN2 was highly expressed in CRC ([@b16-or-40-01-0283]). Therefore, we hypothesized that RPN2 plays an important role in the development and progression of CRC.

Signal transducer and activator of transcription (STAT)3 belongs to the transcription factor family. STAT3 monomer, is expressed in the cytoplasm ([@b17-or-40-01-0283]). Research has indicated that STAT3 was persistently activated in 50% of lung cancers ([@b18-or-40-01-0283]). In addition, Janus kinase (JAK)2, as a key factor in the process of STAT3 phosphorylation, can be bound to the membrane receptor and trigger tyrosine receptor to activate STAT3 ([@b19-or-40-01-0283]). STAT3-mediated target genes play an important role in the occurrence and development of the tumor, including migration, invasion and angiogenesis ([@b20-or-40-01-0283],[@b21-or-40-01-0283]). In CRC, the activation of STAT3/JAK2 signaling pathway can promote epithelial-mesenchymal transition (EMT) and enhance the abilities of migration and invasion in many types of cancer ([@b22-or-40-01-0283]). Therefore, we hypothesized that the STAT3/JAK2 signaling pathway regulated the expression level of related proteins to affect the development of CRC with the action of RPN2.

Materials and methods
=====================

### Patients and tissue samples

A total of 43 samples of CRC tissues and benign tissues surgically removed from patients in Huai\'an First People\'s Hospital were collected from March 2014 to December 2017. Preoperative clinical and pathological follow-up data were completed by all patients. Ethical approval for the study was provided by the Ethics Committee of Huai\'an First People\'s Hospital. Written informed consent was obtained from all the study participants.

### Immunohistochemistry

Tissue sections were initially treated with deparaffinization and hydration and then heated in EDTA (pH 8.0) and antigen-retrieved in 10-mm citrate buffer for 5 min at 100°C. The reaction of RPN2 antibody (dilution 1:500; cat. no. ab64467; Abcam, Cambridge, MA, USA) took place for 1 h at room temperature, and then incubation followed by biotin-labeled secondary antibodies (1:500; cat. no. PL0306214; PLlabs, Toronto, Canada) and slides developed using DAB solution and counterstained with hematoxylin staining (Baso Diagnostic, Inc., Wuhan, China). Immunohistochemical signals were calculated with the positive staining cells under a light microscope (Olympus Corporation, Tokyo Japan) at a magnification of ×200.

### Cell culture

Human colon epithelial NCM460 cells were obtained from the Cell Engineering Research Center of The Fourth Military Medical University (Xi\'an, China) and were cultured in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (FBS), 10 ng/ml epidermal growth factor (EGF) (both from Invitrogen; Thermo Fisher Scientifc, Inc.), 1% insulin (First Biological and Chemical Medication, Co., Ltd., Shanghai, China), 5 µg/ml hydrocortisone (The Third Pharmaceutical, Co., Beijing, China) and 1% penicillin/streptomycin at 37°C in a humidified atmosphere of 5% CO~2~. Human colon cancer cell lines (SW1116, SW480, LoVo, SW403 and SW620) were purchased from SUER Bio-Technique, Co., Ltd. (Shanghai, China) and cultured in Dulbecco\'s modified Eagle\'s medium (DMEM; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) containing 10% FBS and 1% penicillin/streptomycin at 37°C in a humidified atmosphere of 5% CO2.

### siRNA transfection

SW1116 and SW480 cells were seeded onto 6-well culture plates at a density of 3×10^5^ cells/well. The RPN2 siRNA or control siRNA, were both purchased from Shanghai GenePharma, Co., Ltd., (Shanghai, China) and were transfected into cells at 50--60% confluency using Lipofectamine™ 2000 (Invitrogen, Shanghai, China) following the manufacturer\'s protocol. After 48 h, the transfected cells were collected and processed for the subsequent experiments. The sequence of RPN2 siRNA used was: forward, 5′-CCTAGAGGTACCGGAATGCGTTAAGCTATACCTGCATTGGCTAGTTAACGTAGAACCG-3′ and reverse, 5′-CCTACGTTAAGCAATTCAATTTTTTGTATAGCTTAACTACCGCATTTCGAGGTAGTAG-3′. The sequence of the negative (mock) siRNA used was 5′-ACGCCUCCCGAACGUTTUUCUUGUCGUC-3′.

### CCK-8 assay

Cell viability was evaluated using cell counting kit-8 (CCK-8) assay. In brief, after 48 h of transfection, SW1116 and SW480 cells were seeded at a density of 4×10^3^ cells/well in 96-well plates and incubated for 0, 12, 24, 48 and 72 h. Subsequently, 20 µl of CCK-8 was added to each well for another 1-h incubation. The optical density (OD) values were determined at 450 nm using a microplate reader (Thermo Fisher Scientific, Inc.). All experiment concentrations were assessed in triplicate.

### Cell cycle analysis

Flow cytometry was used for the analysis of the cell cycle. After 48-h transfection, cells were harvested and then fixed in ice-cold 70% ethanol (stored at −20°C) overnight. Subsequently, the cells were washed with phosphate-buffered saline (PBS) prior to resuspending in DNA staining solution \[40 µg/ml propidium iodide (PI), 250 µg/ml RNase in PBS with 2 mM EDTA\] for 30 min at 37°C. Cell cycle distribution was analyzed using flow cytometer (FACSCalibur; BD Biosciences, Franklin Lakes, NJ, USA).

### Apoptosis analysis

The apoptosis level of SW1116 and SW480 cell transfection with RPN2 siRNA or control siRNA was assessed by flow cytometric assay. The overall cell apoptosis detection procedures were similar to the previously described procedures with slight modification on the cell numbers ([@b23-or-40-01-0283]). In brief, the cells were washed and detached in 2 ml PBS with 2 mM ethylenediaminetetraacetic acid (EDTA) and centrifuged at 15,000 × g for 5 min. The suspended cells were stained with 250 µl of hypotonic fluorochrome solution including PBS, 50 µg of PI, 0.1% sodium citrate and 0.1% Triton X-100 and RNase A (100 U/ml) (BD Biosciences) for 30 min in the dark at room temperature. Measurements were made using a flow cytometer (BD Influx; BD Biosciences). B3 quadrant represented viable cells and B2 and B4 quadrants represented apoptotic cells.

### Cell invasion and migration assays

The invasion and migration activity of the SW1116 and SW480 cells transfected with RPN2 siRNA or control siRNA were assessed by a 24-well Transwell chamber coated with or without Matrigel (BD Biosciences) on the upper surface of the membrane, with a pore size of 8 µm (Sigma-Aldrich; Merck KGaA). In brief, the transfected SW1116 and SW480 cells (1×10^4^ cells/well) were suspended in culture media (100 µl; serum free) and then placed in the upper Transwell chamber. The lower chamber was filled with medium containing 10% FBS. After 24-h incubation, the cells that had invaded or migrated through the membrane to the lower surface were fixed, stained and counted visually under a microscope (Olympus IX71-A12FL/PH; Olympus Corporation).

### Western blot analysis

Cells were seeded at a density of 5×10^5^ cells/well in 6-well plates after transfection with RPN2 siRNA and control siRNA for 48 h. Each group of cells was harvested and washed twice with PBS and protein lysed in ice-cold radio immunoprecipitation assay buffer (RIPA; Beyotime Institute of Biotechnology, Shanghai, China) with freshly added 0.01% protease inhibitor PMSF (Amresco, Shanghai, China) and incubated on ice for 30 min. Cell lysis was centrifuged at 10,000 × g for 5 min at 4°C and the supernatant (20--30 µg of protein) was run on 10% SDS-PAGE gel and electrophoretically transferred onto a nitrocellulose (NC) membrane (Millipore, Shanghai, China), and then detected with RPN2 (1:800; cat. no. ab64467), caspase-3 (1:1,000; cat. no. ab13847), cyclin D1 (1:800; cat. no. ab16663), E-cadherin (1:800; cat. no. ab15148), MMP-2 (1:1,200; cat. no. ab37150), TIMP-2 (1:1,000; cat. no. ab157386), STAT3 (1:1,000; cat. no. ab68153), phosphorylated (p-) STAT3 (1:800; cat. no. ab32143), JAK2 (1:1,200; cat. no. ab108596), p-JAK2 (1:1,000; cat. no. ab32101) proteins. Protein loading was estimated using mouse anti-GAPDH monoclonal antibody (1:2,500; cat. nos. AG019 and AF006; Beyotime Institute of Biotechnology). Blots were visualized using enhanced chemiluminescence (ECL; Thermo Fisher Scientific, Shanghai, China).

### RNA isolation and RT-PCR

The expression of genes was evaluated using RT-PCR and SYBR Green I chemistry (TransStart Top Green qPCR SuperMix; TransGen Biotech, Co., Ltd., Beijing, China). Cells were seeded in 6-well plates at a density of 5×10^5^ cells/well, cultured overnight and then treated with siRNA-RPN2 for 48 h. Total RNA (2 µg) was extracted from cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol, and was reverse transcribed with the TransCript One-step gDNA Removal and cDNA Synthesis SuperMix (TransGen Biotech, Co., Ltd.). The expression of RPN2, caspase-3, cyclin D1, E-cadherin, MMP-2 and TIMP-2 mRNA in SW1116 and SW480 cells was detected by RT-PCR with the cycling parameters defined as follows: an initial cycling for 5 min at 95°C, followed by 40 cycles at 95°C for 15 sec, 30 sec at 60°C and 30 sec at 72°C. The primers used for the amplification of the indicated genes were designed using the Primer Express software (Applied Biosystems; Thermo Fisher Scientific, Foster City, CA, USA). Primers used were as follows: RPN2, forward, 5′- CAAAGTCACCGGACAAGGTC-3′ and reverse, 5′-TGGTGTTCCGAAGTTGGTCA-3′ (product: 142 bp); caspase-3, forward, 5′-CTATGGCTACGCTGTGGAGA-3′ and reverse, 5′-TGTAGAAGCCAGGGCTCATC-3′ (product: 110 bp); cyclin D1, forward, 5′-ATAGATGCCAGGCAGAGACC-3′ and reverse, 5′-ACTGCCTGTTCCCACTACTC-3′ (product: 123 bp); E-cadherin, forward, 5′-TGCCAACTGGCTGGAGATTA-3′ and reverse, 5′-AGTGTCCCTGTTCCAGTAGC-3′ (product: 156 bp); MMP-2, forward, 5′-CTACTGAGTGGCCGTGTTTG-3′ and reverse, 5′-TCCCTGAGGTTCTCTTGCTG-3′ (product: 174 bp); TIMP-2, forward, 5′-AGCATTTGACCCAGAGTGGA-3′ and reverse, 5′-GGAGAACCAAAGACGGGAGA-3′ (product: 111 bp); GAPDH, forward, 5′-ACCCAGAAGACTGTGGATGG-3′ and reverse, 5′-TCAGCTCAGGGATGACCTTG-3′ (product: 124 bp). The relative expression levels were analyzed using the 2^−ΔΔCt^ method. GAPDH was used as internal control to monitor RT-PCR efficiency. All RT reactions were performed in triplicate.

### Statistical analysis

All results are presented as the mean ± SD of three independent experiments and the data were processed with SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). Survival analysis was used in the analysis of the information concerning CRC cancer patients. Data for multiple comparisons were subjected to one-way ANOVA and Chi-square test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Overexpression of RPN2 is observed in CRC specimens and cell lines and associated with poor survival of CRC patients

In order to determine the biological role of RPN2 in CRC tumor tissues, RT-PCR and western blot analysis were used to detect the expression levels of RPN2 in tissues of 43 CRC patients and their adjacent normal tissues. As displayed in [Fig. 1A and B](#f1-or-40-01-0283){ref-type="fig"}, the RPN2 expression levels were higher in CRC tissues compared with the adjacent normal tissues. Immunohistochemical staining results further demonstrated that RPN2 was highly expressed in CRC tissues ([Fig. 1C](#f1-or-40-01-0283){ref-type="fig"}). Subsequently, a univariate survival analysis indicated that the survival rate of patients with high expression of RPN2 and the survival rate of patients with low expression of RPN2 in 200 days was similar. As time passed, the survival rate of patients with highly expressed RNP2 was reduced ([Fig. 1D](#f1-or-40-01-0283){ref-type="fig"}). Subsequently, the mRNA and protein expression levels of RPN2 in colon cancer cells, SW1116, SW480, LoVo, SW403 and SW620, as well as normal colon cells NCM460 were determined. We revealed that RPN2 was positively identified in colon cancer cell lines, but weakly expressed in normal colon cells ([Fig. 1E-G](#f1-or-40-01-0283){ref-type="fig"}). Since the RPN2 expression levels in SW1116 and SW480 cells were higher than that of LoVo, SW403 and SW620 cells, SW1116 and SW480 cells were used for the following experiment.

### siRNA-mediated knockdown of RPN2 in SW1116 and SW480 cells inhibits cell viability

In order to validate whether RPN2 functions in cell proliferation, SW1116 and SW480 cells were used for detecting changes in cell viability after RPN2 knockdown by siRNA interference. As displayed in [Fig. 2A-F](#f2-or-40-01-0283){ref-type="fig"}, RT-PCR and western blot analysis at 48 h after transfection demonstrated that RPN2 knockdown in SW1116 and SW480 cells significantly decreased the mRNA and protein levels of RPN2. The cell proliferation was further assessed in SW1116 and SW480 cells using CCK-8 assay. After 48 h, cell proliferation was reduced to 53% for SW1116 cell and to 45% for SW480 cells ([Fig. 2G and H](#f2-or-40-01-0283){ref-type="fig"}). These results indicated that RPN2 siRNA interference significantly inhibited cell proliferation.

### siRNA-mediated knockdown of RPN2 induces G1-phase cellcycle arrest and apoptosis in SW1116 and SW480 cells

In order to further confirm the effect of RPN2 on cell proliferation, flow cytometry was used to detect the cell cycle and apoptosis. After SW1116 and SW480 cell transfection with RPN2 siRNA or control siRNA, there was no significant difference in cell cycle and apoptosis between the control and the mock groups in SW1116 and SW480 cells ([Fig. 3](#f3-or-40-01-0283){ref-type="fig"}). The results demonstrated that the knockdown of RPN2 significantly increased G1-phase cell population and increased the apoptosis rate (27.9±1.9%) in SW1116 cells ([Fig. 3A and B](#f3-or-40-01-0283){ref-type="fig"}). Then, the knockdown of RPN2 significantly increased G1-phase cell population and decreased S-phase cell population in SW480 cell ([Fig. 3C](#f3-or-40-01-0283){ref-type="fig"}). RPN2 downregulation in SW480 cells indicated a significant increase in apoptosis rate by 28.8±3.2% ([Fig. 3D](#f3-or-40-01-0283){ref-type="fig"}). Collectively, these results demonstrated that the knockdown of RPN2 inhibited cell proliferation and promoted apoptosis of CRC cells.

### siRNA-mediated knockdown of RPN2 suppresses the abilities of migration and invasion in SW1116 and SW480 cells

The abilities of migration and invasion play a vital role in tumor metastasis. Therefore, we further investigated the effect of siRNA-mediated knockdown of RPN2 on the abilities of migration and invasion in colon cancer cell lines (SW1116 and SW480 cells). Consistently, as displayed in [Fig. 4](#f4-or-40-01-0283){ref-type="fig"}, the downregulation RPN2 in SW1116 cells significantly reduced cell migration by 61.7% and the cell invasion by 59.4% compared with control cells ([Fig. 4A-C](#f4-or-40-01-0283){ref-type="fig"}). In addition, we demonstrated that RPN2 downregulation in SW480 cells significantly suppressed cell migration by 49.5% and the cell invasion by 59.7% compared with the control cells ([Fig. 4D-F](#f4-or-40-01-0283){ref-type="fig"}). Collectively, these results demonstrated that the knockdown of RPN2 inhibited the migration and invasion abilities of CRC cells.

### siRNA-mediated knockdown of RPN2 regulates the expression levels of caspase-3, cyclin D1, E-cadherin, MMP-2 and TIMP-2 in SW1116 and SW480 cells

In order to further investigate the related mechanisms involved in RPN2-mediated cell proliferation, migration and invasion in CRC cells, the expression levels of caspase-3, cyclin D1, E-cadherin, MMP-2 and TIMP-2 were detected by means of RT-PCR and western blot analysis. As displayed in [Fig. 5](#f5-or-40-01-0283){ref-type="fig"}, the apoptosis-related protein (caspase-3) expression was increased and the cell cycle-related protein (cyclin D1) expression was decreased in SW1116 cells ([Fig. 5A and B](#f5-or-40-01-0283){ref-type="fig"}). In addition, migration- and invasion-related proteins including E-cadherin, MMP-2 and TIMP-2 were detected by RT-PCR and western blot analysis. The results indicated that E-cadherin and TIMP-2 expression levels were increased and MMP-2 expression level was decreased after SW1116 cell transfection with RPN2 siRNA ([Fig. 5A and B](#f5-or-40-01-0283){ref-type="fig"}). Concerning SW480 cells, the knockdown of RPN2 increased the expression levels of caspase-3, E-cadherin and TIMP-2 and decreased the expression levels of cyclin D1 and MMP-2 after SW1116 cell transfection with RPN2 siRNA ([Fig. 5C and D](#f5-or-40-01-0283){ref-type="fig"}).

### siRNA-mediated knockdown of RPN2 blocks the STAT3/JAK2 signaling in SW1116 and SW480 cells

After 48 h of RPN2 siRNA transfection, the phosphorylation protein levels of STAT3 and JAK2 in SW1116 and SW480 cells were determined by western blot analysis. The results demonstrated that there was no change in the total protein expression levels of JAK2 and STAT3 in SW1116 and SW480 cells transfected with RNP2 siRNA. RPN2 downregulation suppressed the phosphorylation levels of JAK2 and STAT3 ([Fig. 6](#f6-or-40-01-0283){ref-type="fig"}). Namely, the relative expression levels of p-JAK2 and p-STAT3 were significantly decreased after RPN2 siRNA interference ([Fig. 6](#f6-or-40-01-0283){ref-type="fig"}). Total JAK2 (t-JAK2) and STAT3 (t-STAT3) protein expression level had not any change. It was demonstrated that knockdown of RPN2 by siRNA interference inhibited the activation of STAT3/JAK2 signaling pathway in CRC cells.

Discussion
==========

Tumor cells have the characteristics of malignant proliferation, migration and invasion ([@b24-or-40-01-0283]) which significantly influence the development of cancer. Therefore, identifying specific genetic markers associated with tumor growth and metastasis may be useful to study cancer progression. According to the literature, an intensive expression of RPN2 was found in CRC ([@b16-or-40-01-0283]). But the related molecular mechanism remains unknown. In the present study, we collected 43 samples of CRC tissues and benign CRC tissues surgically removed in our hospital from 2014 to 2017. Subsequently, the experiment results indicated that RPN2 was highly expressed in CRC tissues and associated with poor survival of CRC patients ([Fig. 1A-D](#f1-or-40-01-0283){ref-type="fig"}). It was identical with those reported in literature. In order to further verify this result, the expression levels of RPN2 in colon cancer cell lines (SW1116, SW480, LoVo, SW403 and SW620) was determined by means of RT-PCR and western blot analysis. We found that RPN2 was highly expressed in CRC cell lines, especially SW1116 and SW480 cells ([Fig. 1D and E](#f1-or-40-01-0283){ref-type="fig"}). These results clearly indicated that RPN2 is an important gene in the development of CRC. Therefore, the function and related mechanisms of RPN2 should be further investigated.

Concerning the role of RPN2 in CRC, it was reported that protein glycation plays an important role in the regulation of cell function by affecting protein stability, localization and secretion ([@b12-or-40-01-0283]). RPN2, as a kind of glycoprotein, exists in eukaryotic organisms and was involved in the development of breast, gastric and esophageal squamous cell cancer ([@b12-or-40-01-0283],[@b13-or-40-01-0283],[@b15-or-40-01-0283]). Judging from the above-mentioned results, we hypothesized that RPN2 may regulate the proliferation, apoptosis, migration and invasion in CRC. Subsequently, the knockdown of RPN2 by siRNA interference was transfected into SW1116 and SW480 cells. In addition, our results indicated that the siRNA interference vectors targeting the RPN2 gene were successfully transfected into CRC cells with high expression of RPN2 and inhibited cell viability ([Fig. 2](#f2-or-40-01-0283){ref-type="fig"}). Low expression of RPN2 suppressed the process of cell cycle, restraining cells in the G1-phase, inhibiting cell proliferation and promoting cell apoptosis ([Fig. 3](#f3-or-40-01-0283){ref-type="fig"}). We further determined that the migration and invasion abilities in cells transfected with RPN2 siRNA were significantly reduced ([Fig. 4](#f4-or-40-01-0283){ref-type="fig"}). The above-mentioned observations indicated that RPN2 regulated cell proliferation, apoptosis, migration and invasion. Yet, the related mechanisms need to be further researched.

Cell proliferation and apoptosis is a process of dynamic equilibration ([@b25-or-40-01-0283]). Apoptosis suppression drive cells to escape death and leads to cell abnormal proliferation, further causing the occurrence and development of tumors ([@b26-or-40-01-0283],[@b27-or-40-01-0283]). The members of the caspase family were activated in the whole process of apoptosis. Caspase-3 is downstream gene in the apoptosis signaling pathway. In general, the activation of caspase-8 leads to the release of caspase-9 to induce the activation of caspase-3, and ultimately to cause apoptosis ([@b28-or-40-01-0283]). It is the most common apoptosis pathway in the human organism. Therefore, we detected the expression of caspase-3 after cells were transfected with RPN2 siRNA and control siRNA. In addition, our results revealed that caspase-3 expression was significantly increased in cells transfected with RPN2 siRNA ([Fig. 5](#f5-or-40-01-0283){ref-type="fig"}). Cell cycle is a complex process. Once the body damage induced by internal and external causes cell cycle arrest, and the apoptosis could be induced when the damage could not be repaired on time ([@b29-or-40-01-0283]). Therefore, the developments of tumor are linked with progressive dysregulation of cell cycle and cell cycle is closely associated with cell apoptosis ([@b30-or-40-01-0283]). Cyclin D1 is a key protein of cell proliferation signaling in G1-phase and overexpression of cyclin D1 promotes the G1-S-phase transition of the cell cycle to cause abnormal cell proliferation ([@b31-or-40-01-0283]). It has been reported that cyclin D1 was highly expressed in CRC ([@b32-or-40-01-0283]). In our results, the expression levels of cyclin D1 were decreased in cell transfection with RPN2 siRNA ([Fig. 5](#f5-or-40-01-0283){ref-type="fig"}). Migration and invasion are the most important biological characteristics in tumors. Low expression of E-cadherin would reduce the adhesion ability to further lead to EMT ([@b33-or-40-01-0283]). MMP-2 degraded cell matrix to promote the ability to break through cell basement membrane. TIMP-2, as natural inhibitors of MMP, can affect the combination of MMP-2 and substrate ([@b34-or-40-01-0283]). Therefore, E-cadherin, MMP-2 and TIMP-2 were considered as marked proteins in the process of migration and invasion in many types of cancer. Our results indicated that E-cadherin and TIMP-2 expression was increased and MMP-2 expression was decreased after cells transfected with siRNA interference vectors targeting the RPN2 gene ([Fig. 5](#f5-or-40-01-0283){ref-type="fig"}). Collectively, RPN2 siRNA affected the expression levels of caspase-3, cyclin D1, E-cadherin, MMP-2 and TIMP-2 to inhibit cell proliferation, induce cell apoptosis, suppress cell migration and invasion.

JAK2/STAT3 signal pathway is a key signal transduction pathway and plays an important role in maintaining a constant internal environment ([@b35-or-40-01-0283]). The activation of JAK affects cell proliferation, apoptosis, migration and invasion. STAT3 is closely associated with signaling pathway in many tumors ([@b17-or-40-01-0283],[@b19-or-40-01-0283]). In addition, the activation of STAT3 can upregulate anti-apoptosis genes to inhibit cell apoptosis ([@b20-or-40-01-0283],[@b21-or-40-01-0283]). It was reported that some extracts or genes promoted cell apoptosis and inhibited cell migration and invasion and caused cycle arrest in kidney, breast, ovarian and colon cancer by inhibiting the activation of STAT3 ([@b16-or-40-01-0283],[@b36-or-40-01-0283]--[@b39-or-40-01-0283]). Therefore, the phosphorylation levels of JAK2 and STAT3 were further determined in cells transfected with RPN2 siRNA. We observed that the phosphorylation levels of JAK2 and STAT3 were significantly decreased after the cells were transfected with RPN2 siRNA ([Fig. 6](#f6-or-40-01-0283){ref-type="fig"}). It was revealed that RPN2 siRNA inhibited the activation of JAK2/STAT3. It was further demonstrated that RPN2 may be a target gene of JAK2/STAT3 signal pathway.

According to the above-mentioned results, downregulation of RPN2 inhibited cell proliferation, caused cell-cycle arrest, promoted cell apoptosis and suppressed the abilities of cell migration and invasion, regulated the expression levels of apoptosis- and cycle-related genes (caspase-3 and cyclin D1) and invasion- and metastatic-related genes (E-cadherin, MMP-2 and TIMP-2) and inhibited the activation of JAK2/STAT3 signaling pathway. Therefore, the present study indicated that implicate signaling through JAK2/STAT3 as a critical mechanism by which RPN2 siRNA may affect cell proliferation, apoptosis, migration and invasion in CRC.

Not applicable.

Funding
=======

The present study was supported by a fund of Shanxi Province Science and Technology Development Research project (no. 2010R034-2).

Availability of data and materials
==================================

The datasets used and/or analyzed during the current study areavailable from the corresponding author on reasonable request.

Authors\' contributions
=======================

CB and BJ designed and performed the experiments; BJ contributed to the data analysis; CB enrolled patients and measured the RNA levels in the clinical samples; CB initiated the work and wrote the manuscript. All authors read and approved the manuscript and agree to be accountable for all aspects of the research in ensuring that the accuracy or integrity of any part of the work are appropriately investigated and resolved.

Ethics approval and consent to participate
==========================================

The use of human tissues was approved by the Ethics Committee of Huai\'an First People\'s Hospital.

Consent for publication
=======================

Not applicable.

Competing interests
===================

The authors declare that they have no competing interests.

![Expression of RPN2 in CRC tissues and cell lines. (A) The expression level of RPN2 detected by RT-PCR in 43 paired CRC tissues and adjacent normal colon tissues. (B) The expression level of RPN2 detected by western blot analysis in 43 paired CRC tissues and adjacent normal colon tissues. (C) The expression of RPN2 was determined by immunohistochemistry staining. (D) The survival rate of 43 CRC patients which revealed that patients with higher RPN2 (n=26) expression had shorter survival rate than patients with lower RPN2 (n=17) expression. (E-G) The expression of RPN2 in five CRC cell lines and a normal colon cell line, NCM460, was detected by RT-PCR and western blot analysis. GAPDH was also detected as the control of sample loading. Data are expressed as the mean ± SD for three independent experiments \*P\<0.05 and \*\*P\<0.01 vs. normal colon NCM460 cells.](OR-40-01-0283-g00){#f1-or-40-01-0283}

![Changes in RPN2 expression and cell viability in RPN2 siRNA transfected SW1116 and SW480 cells. (A) The mRNA expression level of RPN2 was detected after RPN2 siRNA transfection of SW1116 cells for 48 h by RT-PCR. (B and C) The protein expression level of RPN2 was detected after RPN2 siRNA transfection of SW1116 cells for 48 h by western blot analysis. (D) The mRNA expression level of RPN2 was detected after RPN2 siRNA transfection of SW480 cells for 48 h by RT-PCR. (E and F) The protein expression level of RPN2 was detected after RPN2 siRNA transfection of SW480 cells for 48 h by western blot analysis. GAPDH was also detected as the control of sample loading. Data are expressed as the mean ± SD for three independent experiments. \*\*P\<0.01 vs. control and mock. (G and H) Cell viability was detected after RPN2 siRNA transfection of SW1116 and SW480 cells for 12, 24 and 48 h by CCK-8 assay. Data are expressed as the mean ± SD for three independent experiments. \*P\<0.05 and \*\*P\<0.01 vs. control and mock.](OR-40-01-0283-g01){#f2-or-40-01-0283}

![Changes in cell cycle and apoptosis in RPN2 siRNA transfected SW1116 and SW480 cells. (A) Cell cycle was detected after RPN2 siRNA transfection of SW1116 cells for 48 h using flow cytometry and PI staining. (B) Cell apoptosis was detected after RPN2 siRNA transfection of SW1116 cells for 48 h using flow cytometry and Annexin V-FITC/PI staining. (C) Cell cycle was detected after RPN2 siRNA transfection of SW480 cells for 48 h using flow cytometry and PI staining. (D) Cell apoptosis was detected after RPN2 siRNA transfection of SW480 cells for 48 h using flow cytometry and Annexin V-FITC/PI staining. Data are expressed as the mean ± SD for three independent experiments. \*P\<0.05 and \*\*P\<0.01 vs. control and mock.](OR-40-01-0283-g02){#f3-or-40-01-0283}

![Changes in cell migration and invasion in RPN2 siRNA transfected SW1116 and SW480 cells. (A-C) Cell migration and invasion was evaluated by Transwell assay after RPN2 siRNA transfection of SW1116 cells. (D-F) Cell migration and invasion was evaluated by Transwell assay after RPN2 siRNA transfection of SW480 cells. Data were presented as mean ± SD, n=3, \*\*P\<0.01 vs. control and mock.](OR-40-01-0283-g03){#f4-or-40-01-0283}

![Changes in the expression levels of caspase-3, cyclin D1, E-cadherin, MMP-2 and TIMP-2 on RPN2 siRNA transfection of SW1116 and SW480 cells. (A) The mRNA expression levels of caspase-3, cyclin D1, E-cadherin, MMP-2 and TIMP-2 were detected after RPN2 siRNA transfection of SW1116 cells for 48 h by RT-PCR. (B) The protein expression levels of caspase-3, cyclin D1, E-cadherin, MMP-2 and TIMP-2 were detected after RPN2 siRNA transfection of SW1116 cells for 48 h by western blot analysis. (C) The mRNA expression levels of caspase-3, cyclin D1, E-cadherin, MMP-2 and TIMP-2 were detected after RPN2 siRNA transfection of SW480 cells for 48 h by RT-PCR. (D) The protein expression levels of caspase-3, cyclin D1, E-cadherin, MMP-2 and TIMP-2 were detected after RPN2 siRNA transfection of SW480 cells for 48 h by western blot analysis. GAPDH was also detected as the control of sample loading. Data are expressed as the mean ± SD for three independent experiments. \*\*P\<0.01 vs. control and mock.](OR-40-01-0283-g04){#f5-or-40-01-0283}

![RPN2 siRNA inhibits the activation of JAK2/STAT3 signaling pathway in SW1116 and SW480 cells. (A) The phosphorylation levels of JAK2 and STAT3 proteins were detected by western blot analysis in the RPN2 siRNA group of SW1116 cells. (B) The phosphorylation levels of JAK2 and STAT3 proteins were detected by western blot analysis in the RPN2 siRNA group of SW480 cells. GAPDH was also detected as the control of sample loading. Data are expressed as the mean ± SD for three independent experiments. \*\*P\<0.01 vs. control and mock](OR-40-01-0283-g05){#f6-or-40-01-0283}
